SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a method for manufacturing the same, and more 
particularly, to a semiconductor device provided with an 
alignment mark (mask aligning trench) used to position a 
photomask. 

In a process for manufacturing a finely miniaturized or 
highly Integrated semiconductor device, especially when 
performing photolithography, it is important that a 
photomask be accurately applied to an existing pattern to 
form the next pattern. Japanese Unexamined Patent 
Publication No. 11-67620 describes a method of positioning 
the photomask. In the publication, an alignment mark (mask 
aligning trench) is formed on a substrate and detected to 
position a photomask. Normally, the alignment mark is used 
only to position the photomask. 

A prior art semiconductor device has an element 
partitioning structure that includes an insulative element 
partitioning film formed through local oxidation of silicon 
(LOCOS) . When patterning a conductive film on a 
semiconductor substrate having 'an insulative element 
partitioning film, a step formed between the insulative 
element partitioning film and an element forming section 
functions as the alignment mark. In this case, the step is 
used to position a photomask on the semiconductor substrate. 
Thus, an additional process for forming the alignment mark 
is not necessary. 



Due to the further miniaturization and higher 
integration of recent semiconductor devices, shallow trench 
isolation (STI) is now being performed in lieu of LOCOS to 
form an element partitioning structure. However, when 
forming an alignment mark, STI has the shortcomings 
described below. Referring to Figs, la to If, a process for 
forming an element partitioning trench through STI will be 
discussed to understand these shortcomings. 

Referring to Fig. la, when performing STI, prior to the 
formation of element partitioning trenches, a silicon oxide 
film 111' is applied to a semiconductor substrate 101 and a 
silicon nitride film 112a is superimposed on the silicon 
oxide film 111' . Then, lithography is performed to form a 
resist 113 having a predetermined pattern, which is a 
pattern of openings used to form the element partitioning 
trenches . 

Subseguently, referring to Fig. lb, anisotropic etching 
is performed to etch the silicon nitride film 112a using the 
resist 113 as a mask. As a result, portions corresponding to 
the element partitioning trenches are removed from the 
silicon nitride film 112a thereby defining a silicon nitride 
film 112b. Anisotropic etching is then performed on the 
silicon oxide film 111' and the semiconductor substrate 101 
using the silicon nitride film 112b as a mask. This forms 
element partitioning trenches 140 and a mask aligning trench 
150, which is used as an alignment mark, on the 
semiconductor substrate 101. The element partitioning 
trenches 140 define element forming sections 120, 130. 

Referring to Fig. lc, high density plasma chemical 
deposition (HDP-CVD) is performed to form a silicon oxide 



film 114. The silicon oxide film 114 has recesses formed at 
portions corresponding to the trenches 140, 150. 

Referring to Fig. Id, lithography is performed to form 
5 a resist 115 in the recesses of the silicon oxide film 114. 
Then, the silicon oxide film 114 is partially etched and 
removed using the resist 115 as a mask. The step shown in 
Fig. Id facilitates flattening (described later) of the 
surface of the semiconductor substrate 101 when undergoing 
10 chemical mechanical polish (CMP) . CMP is described in A 
novel approach for the elimination of the pattern density 
dependence of CMP for shallow trench isolation, Joost 
Grillaert et al., CMP-MIC, pp. 313-318, 1998. 

15 Subsequent to the partial removal of the silicon oxide 

film 114, referring to Fig. le, the resist 115 is removed. 
When performing CMP, the silicon nitride film 112b is used 
as a stopper film to grind and flatten the silicon oxide 
film 114 and the silicon nitride film 112b. As a result, the 

20 surface of the ground silicon nitride film 112c, the surface 
of a silicon oxide film 141a implanted in the element 
partitioning trench 140, and the surface of a silicon oxide 
film 151a implanted in the mask aligning trench 150 are 
flush with one another. 

25 

The ground silicon nitride film 112c is selectively 
removed using hot phosphoric acid. The silicon oxide film 
111 is then removed by hydrofluoric acid. As a result, 
element partitions 141b and a mask aligning section 151b are 
30 defined on the semiconductor substrate 101. The element 
partitions 141b and the mask aligning section 151b are 
formed by the residue of the silicon oxide films 141a, 151a 
subsequent to the removal of the silicon nitride film 112c 
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and the silicon oxide film 111. 



After the formation of the element partitions 141b and 
the mask aligning section 151b, in accordance with the type 
of semiconductor device that is to be manufactured, the 
semiconductor substrate 101 undergoes a washing process 
and/or an ion implantation process. Then, for example, a 
conductive film is patterned on the semiconductor substrate 
101. When the conductive film is formed through 
photolithography, the step defined by the mask aligning 
section 151b and the semiconductor substrate 101 is 
detected. The step is used as a mark indicating where to 
position a mask, which is used to form the conductive film 
pattern, relative to the element forming sections of the 
semiconductor substrate 101. 

During the manufacturing of a semiconductor device in 
the prior art, when the step between the mask aligning 
section (mask aligning trench) 151b and the semiconductor 
substrate 101 is too small, it becomes difficult to 
accurately detect the step. As a result, the positioning of 
a mask becomes difficult. 

However, it is preferred that the step between the 
element partitions 141b and the element forming sections be 
minimized for the miniaturization of a semiconductor device. 
This is because the focus margin during photolithography 
becomes smaller as the semiconductor device becomes smaller, 
and the underlying film is required to have a higher level 
of flatness to produce patterns with the necessary accuracy. 

In the conventional method for manufacturing a 
semiconductor device, the element partition and the mask 



aligning section are simultaneously formed. However, these 
two sections basically have the same structure. Thus, it is 
difficult to satisfy the two contradicting requirements. 
Further, an additional process for forming the alignment 
mark would increase manufacturing costs, which is not 
desirable . 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
relatively inexpensive method for manufacturing a 
semiconductor device that has an element partitioning trench 
and an element forming section and facilitates the 
positioning of a mask. 

To achieve the above object, the present invention 
provides a semiconductor device provided with a 
semiconductor substrate including an element partitioning 
trench and a mask aligning trench. A first insulation is 
deposited in the element partitioning trench, and a 
second insulation is partially deposited in the mask 
aligning trench formed from the same substance as the first 
insulation . 

A further perspective of the present invention is a 
method for manufacturing a semiconductor device. The method 
includes forming an element partitioning trench and a mask 
aligning trench in a semiconductor substrate, depositing an 
insulation in the element partitioning trench and the mask 
aligning trench, applying a protective mask on the 
insulation deposited in the element partitioning trench, 
etching the insulation deposited in the mask aligning trench 
to remove some of the insulation, and flattening an upper 
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surface of the semiconductor substrate. 



A further perspective of the present invention is a 
method for manufacturing a semiconductor device. The method 
5 includes forming a silicon oxide film on an upper surface of 
a semiconductor substrate, forming a silicon nitride film on 
the silicon oxide film, partially removing the silicon 
nitride film and the silicon oxide film, and forming an 
element partitioning trench and a mask aligning trench by 

10 etching the semiconductor substrate using a residue of the 
silicon nitride and silicon oxide films as a mask. The 
element partitioning trench and the mask aligning trench 
have substantially the same depths. The method further 
includes simultaneously depositing a first layer of 

15 insulation and a second layer of insulation in the element 
partitioning trench and in the mask aligning trench, 
respectively, coating the first insulation with a protective 
mask, etching the second insulation so that a step is formed 
between an upper surface of the semiconductor substrate and 

20 an upper surface of the second insulation, and removing the 
protective mask. 

Other aspects and advantages of the present invention 
will become apparent from the following description, taken 
25 in conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

30 The invention, together with objects and advantages 

thereof, may best be understood by reference to the 
following description of the presently preferred embodiments 
together with the accompanying drawings in which: 



Figs, la to If are cross-sectional views illustrating a 
process for manufacturing a prior art semiconductor device; 

Fig. 2 is a cross-sectional view showing a 
semiconductor device according to a preferred embodiment of 
the present invention; and 

Figs. 3a to 3f are cross-sectional views illustrating a 
process for manufacturing the semiconductor device of Fig. 
2 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A semiconductor device 10 according to a preferred 
embodiment of the present invention will now be discussed. 
The semiconductor device 10 is a metal oxide semiconductor 
(MOS) transistor. 

Fig. 2 is a cross-sectional view showing the 
semiconductor device 10. The semiconductor device 10 
includes a semiconductor substrate 1 made of silicon. 
Element forming sections 20, 30 are defined on the 
semiconductor substrate 1. The element forming sections 20, 
30 are partitioned from each other by element partitioning 
trenches 40 and insulation layers 41, which are formed of 
silicon oxide (Si0 2 ) and arranged in the element partitioning 
trenches 40. An interlayer insulation film 60 is applied to 
the elements formed on the element forming sections 20, 30. 

A mask aligning trench 50 is formed in the 
semiconductor substrate 1. An insulation layer 51, which is 
made of the same silicon oxide as the insulation layers 41 
in the element partitioning trenches 40, is formed in the 
mask aligning trench 50. The mask aligning trench 50 is 
partially filled by the insulation layer 51. In other words, 



the upper surface of the insulation layer 51 is below the 
upper edge of the mask aligning trench 50, and a step is 
defined by the upper surface of the insulation layer 51 and 
the upper edge of the mask aligning trench 50. In the 
5 preferred embodiment, element partitions are defined by the 
element partitioning trenches 40 and the insulation layers 
41. 

Subsequent to the formation of the element partitions, 
10 conductive films, such as a gate electrode 31, are formed on 
the semiconductor substrate 1. In this state, a step defined 
between the insulation layer 51 and the upper edge of the 
mask aligning trench 50 is used as a mark indicating where 
to position a mask, which is used to form the gate electrode 
15 31, on the semiconductor substrate 1. 

A film 52, which is made, for example, from the same 
substance as the gate electrode, is formed on the insulation 
layer 51. 

20 

A method for manufacturing the semiconductor device 10 
in the preferred embodiment will now be discussed. 

Referring to Fig. 3a, thermal oxidation is performed 
25 under a temperature of 950 degrees Celsius in an atmosphere 
of dry oxygen to form a silicon oxide film 11' on the upper 
surface of the semiconductor substrate 1. The preferred 
thickness of the silicon oxide film 11' is 20nm. Then, 
decompression CVD is performed to form a silicon nitride 
30 film 12a, the thickness of which is preferably about 200nm 
under the following conditions of: 
temperature, 770°C; 
pressure, 66.5Pa; 
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flow rate of Si 2 Cl 2 H 2 gas, 1 . 2x l(T 4 m 3 /min (standard 
state) ; and 

flow rate of NH 3 gas, 1 . 2 x 10~ 3 m 3 /min (standard 
state) . 

Then, lithography is performed to pattern a resist 13. 

Subsequently, magnetron reactive ion etching (RIE) is 
performed using the resist 13 as a mask to etch the silicon 
nitride film 12a and the silicon oxide film 11' under the 
following conditions of: 

pressure, 5.32Pa; 

RF (13.56Hz) power, 600W; 

magnetic field, 60 Gauss; 

flow rate of CHF 3 , 4 . 0><10" 5 m 3 /min (standard state); 
flow rate of 0 2 , 5 * 10~ 6 m 3 /min (standard state); and 
flow rate of Ar, 3><10~ 5 m 3 /min (standard state) . 

This forms a silicon nitride film 12b and a silicon 
oxide film 11, which have a pattern of openings 
corresponding to the element partitioning trenches 40 and 
the mask aligning trench 50. 

The resist 13 is removed by an aqueous solution of 
sulfuric acid and hydrogen peroxide. Then, magnetron RIE is 
performed using the silicon nitride film 12b as a mask under 
the following conditions of: 

pressure, 3.99Pa; 

RF (13.56Hz) power, 450W; 

magnetic field, 25 Gauss; 

flow rate of HBr, 1 . 0xl0" 5 m 3 /min (standard state); 
flow rate of 0 2 , 8 . 0 x 1 0" 6 m 3 /min (standard state); 



flow rate of NF 3 , 1 . 5><10 V/min (standard state). 



This forms the element partitioning trenches 4 0 and the 
mask aligning trench 50 on the semiconductor substrate 1, as 
5 shown in Fig. 3b. It is preferred that the depths of the 
element partitioning trenches 40 and the mask aligning 
trench 50 be about 350nm. 

Then, referring to Fig. 3c, a silicon oxide film 14 is 
10 deposited on the entire surface of the semiconductor 

substrate 1. It is preferred that the thickness of the 
Q silicon oxide film 14 be about 600nm. Further, it is 

preferred that the silicon oxide film 14 be deposited by 
Q performing HDP-CVD under the following conditions of: 

J 15 LF (350kHz) power, 2,850W; 

;5 HF (13.56Hz) power, 1,800W; 

i, flow rate of SiH 4 , 8 . 0 x 1 0" 5 m 3 /min (standard state) ; 

r] flow rate of 0 2 , 1 . 15x 10" 4 m 3 /min (standard state); 

| ! U and 

S 20 flow rate of Ar, 5 . 0><10" 5 m 3 /min (standard state). 

Q 

A resist 15 for masking the element partitioning 
trenches 4 0 is then formed. Lithography is performed to etch 
about 400nm of a first portion of the silicon oxide film 14, 

25 which covers the mask aligning trench 50, and a second 

portion of the silicon oxide film 14, which extends from the 
semiconductor substrate 1 over a relatively large area. 
Magnetron RIE is performed to etch the silicon oxide film 14 
under the same conditions of the etching of the silicon 

30 nitride film 12a in the state of Fig. 3b. As a result, 

residue of the silicon oxide film 14 is left in the mask 
aligning trench 50. The residue is below the top edge of the 
mask aligning trench 50. Further, the etching of the second 
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portion of the silicon oxide film 14 forms a relatively thin 
insulation film 14' . This facilitates the flattening of the 
semiconductor substrate 1. 



5 The resist 15 is removed by an aqueous solution of 

sulfuric acid and hydrogen peroxide. The silicon nitride 
film 12b is used as a stopper to flatten the upper surface 
of the semiconductor substrate 1 through CMP. When 
flattening the semiconductor substrate 1, the relative 

10 rotating speed between a grinding pad and the substrate is 
about 30rpm, and the contact pressure between the grinding 
pad and the substrate 1, or the grinding pressure is about 
4 . 9xl0 3 kg/m 2 . It is preferred that the thickness of the 
flattened silicon nitride film 12c be about lOOnm. In the 

15 state of Fig. 3e, the upper surfaces of the insulation 

layers (silicon oxide film) 41a are flush with the upper 
surface of the silicon nitride film 12c. 

Referring to Fig. 3f, hot phosphoric acid is used to 
20 selectively remove the flattened silicon nitride film 12c, 
and hydrofluoric acid is used to remove the silicon oxide 
film 11. The thickness of the silicon nitride film 12c is 
about lOOnm. Thus, subsequent to the removal of the silicon 
nitride film 12c, the insulation layers 41a extend from the 
25 surfaces of the element forming sections 20, 30 by about 
lOOnm. The insulation layers 41a and the element forming 
sections 20, 30 define steps. The height of each step 
corresponds to the etching amount of the insulation from 
when the silicon oxide film 11 is removed to when the 
30 conductive film is patterned. Further, the height of the 
steps is determined so that the upper surfaces of the 
insulation layers 41 ultimately become flush with the upper 
surfaces of the element forming sections 20, 30, as shown in 
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the state of Fig. 2. The insulation layers 41 formed in the 
element partitioning trenches 40 subsequent to the removal 
of the flattened silicon nitride film 12c and the silicon 
oxide film 11 are denoted with reference numerals 41b in 
5 Fig. 3f. 

Referring to Fig. 2 and Figs. 3d to 3f, steps are 
formed by the mask aligning trench 50 and the insulation 
layer 51 (51a, 51b) . Accordingly, the mask aligning trench 
10 (steps) 50 may be used when positioning a mask on the 

semiconductor substrate 1 to pattern a conductive film or 
the like subsequent to the formation of element forming 
sections . 

15 The preferred and illustrated embodiment has the 

advantages described below. 

(1) The insulation layer 51 in the mask aligning trench 
50 is below the upper edge of the walls of the mask aligning 

20 trench 50. Thus, the mask aligning trench 50 may be used as 
a mark on the semiconductor substrate 1. Subsequent to the 
formation of element partitions, the mask aligning trench 50 
facilitates, for example, the positioning of a mask on the 
semiconductor substrate 1 when forming a conductive film. 

25 

(2) Referring to Fig. 3d, the selective etching of the 
relatively thick part of the silicon oxide film 14 forms the 
relatively thin insulation film 14' . This facilitates the 
flattening process. Simultaneously, the silicon oxide film 

30 14 covering the mask aligning trench 50 is also selectively 
etched. Thus, the insulation layer 51a formed in the mask 
aligning trench 50 is lower than the top of the aligning 
trench 50. Accordingly, steps between the walls of the mask 
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aligning trench 50 and the insulation layer 51a are easily 
formed. 

(3) Rotary grinding is employed in the preferred 

5 embodiment. This flattens the element forming sections 20, 
30 and the element partitions. 

(4) The silicon nitride film 12a (12b, 12c) may be used 
as a mask for forming the element partitioning trenches 40 

10 and the mask aligning trench 50. Further, the silicon 

nitride film 12a (12b, 12c) may be used as a protective film 
of the semiconductor substrate 1. 

(5) The thickness of the flattened silicon nitride film 
15 12c is adjusted by taking into consideration the amount of 

the insulation in the element partitioning trenches 40 that 
will be etched in subsequent processes. This forms 
insulation layers with the desired thickness. 

20 (6) The mask aligning trench improves the accuracy for 

positioning a mask on the semiconductor substrate subsequent 
to the formation of the element partitioning sections. 

(7) The mask aligning trench 50 is formed by forming 
25 the element partitioning trenches 40 and the insulation film 
14 and by performing etching to flatten the substrate 
surface. Thus, an additional process for forming the mask 
aligning trench 50 is not necessary. 

30 (8) The resist (protective mask) 15 is formed above the 

element partitioning trenches 40, which are filled by the 
insulation film 14. This permits the insulation in the mask 
aligning trench 50 to be selectively etched. Further, the 
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insulation film 14 deposited on the element forming section 
30 is also etched. Thus, the steps between the element 
forming section 30 and the element partitioning trenches 40 
are relatively small. This facilitates flattening in 
5 subsequent steps. 

(9) The insulation film 14 is applied after the 
formation of a coating (silicon nitride film 12b) having a 
predetermined pattern. Accordingly, the coating 12b protects 

10 the surface of the semiconductor substrate 1 during the 
depositing, etching, and flattening processes. 

(10) The stress applied to the silicon substrate 1 is 
reduced by the silicon oxide film 11 (ll') formed between 

15 the silicon nitride film 12a (12b, 12c) and the silicon 
substrate 1. 

Further, steps are formed by the silicon oxide film 11 
and the insulation 41a without substantially removing the 

20 silicon oxide film 11 when removing the silicon nitride film 
12a (12b, 12c) . The height of each step is substantially 
equal to the depth of the insulation 41a that is etched in 
subsequent processes. Therefore, the insulation 41b 
ultimately becomes generally flush with the surface of the 

25 semiconductor substrate 1. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
30 invention. Particularly, it should be understood that the 
present invention may be embodied in the following forms. 

The material of the mask used to form the element 
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partitioning trench 40 and the mask aligning trench 50 is 
not limited to silicon nitride. Further, the mask may be 
removed prior to the implantation of the insulation. 

5 The flattening of the semiconductor substrate may be 

performed through a process other than rotary grinding. 

The etching technique, the film thickness, and the 
etching depth may be changed as required. 

10 

Elements other than the conductive film may be formed 
through photolithography, which is performed immediately 
after the formation of the element partitions. 

15 The present examples and embodiments are to be 

considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims. 
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